WORLD imELLECrUAL FROFEEtTY ORGANIZATION 
International Buiean 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatiooai Patent CSassificaHon ^ : 
A^K 31/48, 9/107 



Al 



(11) Internatioiial Pablkalion Number: VfO 95/05176 

(43) Internatioiial Publication Date: 23 Febniaiy 1995 (23j02.95) 



(21) International Application Numben PCTAJS94/D9052 

(22) Intemationai FOing Date: 10 August 1994 (10.08.94) 



(30) Priority Data: 
08/108,859 



18 August 1993 (18.08.93) 



US 



(71) Applicant: ALCON LABORATORIES, INC. [US/US]; 6201 
South Freeway, Q-148, Fort Worth, TX 76134 (US). 

(72) Inventors: DE SANTIS, Louis. Jr.; 2316 Wnton Terrace West, 
Fort Worth. TX 76109 (US). SALLEE, Vemcy, L.; 304 Di- 
amcmd Lane. Burleson. TX 76028 (US). MCLAUGHLIN. 
Marsha, A.; 26 EdgehiU Road, Joshua, TX 76058 (US). 
MANL\R, Manoj, L.; 5213 Clameron Creek Lane, #368, 
Fort Worth. IX 76132 (US). 

(74) Agents: BROWN, Gregg et aL; Alcon Laboratories, Inc., 6201 
Soath I^eeway, Fort Worth, TX 76134 (US). 



(81) Designated States: AU, CA, JP, European patent (AT, BE, 
CH, DE, DK. ES. FR, <5B, OR, IE, IF, LU, MC, NL, PT. 
SE). 



PuUished 

With intemationai search report 

Before ^ expiration of the time limit for amending ^ 
claims and to be republished in the event of die receipt of 
am/endments* 



(54) Title: USE OF ERCjOUNE DERIVATIVES FOR THE TREATMENT OF (HAUCOMA 



(57) Abstract 

The use of certain dopamineigic compounds for controllif^ elevatioDS of intraocular pressure is disdosed. The oompcvunds are 
ergoline derivatives. The most preferred compound is cabergoline. The compounds have been found to produce a a girific a nt oednction of 
intraocular pressure. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates party to die PCT on die front pages of pamphlets publishing international 
applicatioos uixler the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Aasavlu 


GE 


Geagia 


MW 


Malawi 


BB 


Btfbadoc 


GN 


Guinea 


NE 


Nig9 


BE 


BdghnD 


GR 


Greece 


NL 


Ncsberiands 


BF 


Bnrkiiia Euo 


HD 


Hoogsy 


NO 


Norway 


BG 


BulgoU 


IE 


beland 


NZ 


NewZsalaod 


BJ 


Beirio 


rr 


Italy 


PL 


Poland 


BR 


Bnzil 


jp 


Japan 


PT 


POftugal 


BY 


Belarus 


KB 


Kenya 


RO 


Romania 


CA 




KG 


Kyxgystan 


RU 


Russian Fedoation 


CF 


Ceairal Afiicsn Republic 


fCP 


Deaiocnde People*s Republic 


SD 


Sudan 


CG 


Congo 




of Kraea 


SE 


Swvdoi 


CH 


Switzertiod 


KR 


Republic of Kotea 


SI 


Slovcsia 


a 


Cdte d'Xwte 


KZ 


Kazakhstan 


SK 


SlovakU 


CM 


ClUlCEDOO 


U 




SN 


Senegal 


CN 


China 


LK 


SriLuika 


TD 


Chad 


CS 


CkechodovaUa 


LU 


LuxcflobouTig 


TG 


Togo 


CZ 


Ctech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Gcnnsay 


MC 


Monaco 


TT 


TMnidad and Tobago 


DK 


Dcmiark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United Scales of Amaici 


FI 


Pmlaml 


ML 


Mali 


UZ 


Uibeldsun 


FR 


E^anoe 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











wo 95/05176 



PCT/DS94/09052 



USE OF ERGOLINE DERIVATIVES FOR THE TREATMENT OF GLAUCOMA 



Background of Livention 

The present invention relates to the treatment of glaucoma by controlling the 
principal symptom of that disease, elevated intraocular pressure. More specifically^ the 
invention relates to the use of certain dopaminergic compounds to control intraocular 
pressure (**IOP**) and thereby prevent or at least forestall progressive field of vision loss 
and other manifestations of glaucoma. 

Glaucoma is a progressive disease which leads to optic nerve damage (i.e., 
glaucomatous optic neuropathy), and ultimately, partial or total loss of vision. The loss 
of visual field is secondary to the degeneration of optic nerve fibers which comprise the 
optic nerve. The causes of this disease have been the subject of extensive studies for 
many years, but are still not fully understood. However, it is known that a major risk 
factor for glaucomatous optic neuropathy is abnormally high lOP caused by an excess of 
intraocular fluid (i.e., aqueous humor) within the eye. 

The usual reason for elevated lOP is an impairment of the outflow of aqueous 
humor from the eye. Although hypersecretion of aqueous humor is not considered to be 
a common factor for elevated lOP, the pressure may be reduced by inhibiting the 
production (i.e., inflow, secretion or formation) of aqueous humor by the ciliary processes 
of the eye. Beta adrenoceptor blockers and carbonic anhydrase inhibitors are examples 
of drug classes tfiat lower intraocular pressure by inhibiting the inflow of aqueous humor. 
Other classes of drugs reduce lOP by increasing the outflow of aqueous humor from the 
eye. Examples of these drug classes include miotics, such as pilocarpine and carbachol, 
and adrenergics or sympathomimetics, such as epinephrine. 

While the use of the drug classes stated above is common practice in the medical 
therapy of glaucoma, it is not without side effects. Each class suffers from causing a 
particular set of side efiects, locally and/or systemically, that is related to the 

1 



wo 95/05176 



PCTAIS94/09052 



phannacological actions of that class. For example, beta blockers, by blocking beta 
adienoceptocs in the heart can cause bradycardia or slow heart rate, and by blocking beta 
adrenoceptors in the bronchi can cause bronchoconstriction. Miotics can cause changes 
in visual accommodation to create blurred vision and brow ache. Systemic carbonic 
anhydrase inhibitors can cause malaise, headache, and other subjective symptoms which 
discourage their use by the patient Since glaucoma medication must be taken over the 
patient's lifetime, it is beneficial to minimize side effects to encourage compliance with 
the prescribed therapy. 

The present invention is directed to the use of a class of compounds which may 
be referred to as ergoline derivatives to control TOP. These compounds are believed to 
control TOP via an action on dopaminergic receptors. 

The use of compounds having dopaminergic activity to control intraocular pressure 
is known. For example. United States Patent No. 4,774,243 (Baldwin) describes the use 
of certain dopamine agonists to control elevated lOP. 

Summary of the Invention 

The present invention is directed to the use of ergoline derivatives to control 
intraocular pressure. The compounds utilized in the present invention effectively control 
elevated intraocular pressure without causing many of the side effects associated with 
existing classes of therapeutic agents utilized in the treatment of glaucoma. For example, 
the compounds of the present invention do not act on the iris or the ciliary muscles of the 
eye, and therefore do not adversely affect visual acuity in the manner seen with the prior 
art use of miotics. The compounds of the present invention also represent an 
improvement over certain betablockers utilized in the prior art, particularly timolol, 
because the present compounds do not cause bronchoconstriction in pulmonary patients. 
Finally the compounds of the present invention have a relatively long duration of action 
compared to certain other agents used previously to treat glaucoma, and have a lower 
propensity to cause central nervous system-related side effects at doses which produce 
a useful reduction of intraocular pressure. 
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nftscriprion of Preferred Embodiments 

The ergoline derivatives of the present invention have the following general 
formula: 




N-R4 



0) 



wherein: R, represents a hydrogen atom or a methyl group; 

f 

R2 represents a hydrogen or halogen atom, a methyl or formyl group or a 
group of the formula S-R7 or SO-R7, wherein R7 represents an alkyl 
group having from 1 to 4 carbon atoms or a phenyl group; 

R3 represents a hydrogen atom or a methoxy group; 

R4 represents a hydrocarbon group having from 1 to 4 carbon atoms, 

benzyl or phenethyl; and 

X is OH or NRsCONHRe. wherein each of R5 and R^ independently 
represents an alkyl group having from 1 to 4 carbon atoms, a 
cyclohexyl group or a substimted or unsubstituted phenyl group or 
an acid and water-soluble group such as (CH2)nN(CH3)2 in which 
n is an integer, with the proviso that R5 and R^ cannot both be a 
said acid and water soluble group; 
and the pharmaceutically acceptable organic or inorganic acid salts and esters thereof. 
The possible halogen substituents are chlorine, bromine and fluorine; chlorine and bromine 
are preferred. In the definition of R5 and R^, n is preferably 1, 2, 3 or 4. In the definition 
of R4, a hydrocarbon group having from 1 to 4 carbon atoms is intended to include alkyl, 
cycloalkyl and unsaturated (both ethylenically and acetylenically) groups. Representative 
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moieties include methyl ethyl, n-propyU isopropyl, butyl, t-butyl, isobutyl, cyclopropyl, 
methylcyclopropyl, vinyl, allyl, and propargyl 

The wavy line (-) in formula (I) mdicates that the substitutent in die 8-position may 
be eidier in die oc-configuradon. i.e., below die plane of die ring, or in die ^-configuration, 
i.e., above die plane of die ring, or in 

bodi. i.e., a mixture diereof such as a racemic mixture. Preferably die substituent in die 
8-position is in the p-configuration. 

The compounds of formula (I) are known. See, for example. United States Patent 
No. 4,526,892 (Salvati, et ai), die entire contents of which are hereby incorporated in die 
present specification by reference. The compounds may be syndiesized in accordance 
widi die teachings of die above-cited patent The most preferred compound is cabergoline, 
which has the following structure: 



H 
I 




Cabergoline may also be identified as l-[(6-allylergolin-8^yl)carbonyl]-l-[3-(dimediyl- 
amino)propyl]-3-ethylurea. 

One or more of die compounds, when contained in a suitable ophthalmic vehicle, 
are applied topically to die affected eye(s) to control intraocular pressure, A determination 
of die most appropriate type of composition for particular compounds will require 
consideration of various factors, including die partition coefficient, aqueous solubility, and 
degradation kinetics of the compounds. For example, cabergoline is hydrolytically 
unstable. It exhibits a significant degree of degradation in an aqueous environment at a 
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neutral pH (i.e., it's T90 at pH 7.0 and room temperature is less than 24 hours). It is 
relatively more soluble and stable at a pH in the range of 3 to 5 (i.e., it has been found 
to be relatively stable at a pH of 3 for up to 16 days), but compositions having an acidic 
pH may cause stinging when applied to the eye and therefore are not preferred. 

In view of the relative instability of cabergoline, it is not possible to include this 
compound in aqueous solutions and other types of aqueous compositions which may be 
stored for relatively long periods (i.e., several months or more) prior to use. It is believed 
that other compounds of formula (I) may exhibit a similar instability. Although these 
compounds are soluble in medium chain triglycerides, such as miglyol, formulations based 
on the use of an oil as the vehicle for the active drug are not ideal. Among other things, 
the oil may obscure the vision of the patient, thereby adversely affecting patient 
compliance, and the high oil/water partition coefficient of the compounds may inhibit the 
bioavailability of the drug. 

The present inventors have found that ophthalmic compositions known as "micro 
emulsions** are particularly well-suited for delivering cabergoline and other compounds of 
formula (I) to the eye via topical q)plication. The prefmed microemulsion compositions 
of the present invention include a non-aqueous internal phase and an external phase. The 
internal phase is a polar, pharmaceuticaUy acceptable, oxygra-containing liquid such as 
Cj-Cjo' preferably C2-C20 polyhydric alcohols, poly(ethylene or propylene) glycols with 4- 
200 repeating units, and the Q-Cj ether or C2-C30, preferably C2-C20 ester derivatives of 
any of the foregoing. Examples of such materials include: glycerin; propylene glycol; 
polyethylene glycol 200, 400, 600, 1500, 4000 and 6000; ethylene glycol dimethyl ether; 
and tetraethylene glycol dimethyl ether. 

The preferred polar solvents for the internal phase include propylene glycol ("PG"), 
glycerol, ethylene glycol and polyethylene glycol. Some of these solvents, such as PG, 
also act as penetration enhancers. Thus, the use of such solvents in the compositions of 
the present invention also serves to improve the penetration of drug into the eye and 
thereby enhance the bioavailability of the drug. The microemulsions will contain the 
internal phase in an amount of from about 1 to about 30 percent by weight, based on the 
total weight of the composition (**wt.%*'), preferably from about 5 to about 20 wt%. 
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The external phase of the microemulsion may include a lower alkyl ester of a Cg.22 
fatty acid, such as ethyl palmitate, isopropyl myristate ("IPM"), or medium chain 
triglycerides such as miglyols. PM is preferred over the other esters such as ethyl laurate 
and ethyl caproate because of their characteristic odors. However, IPM has a slight 
stinging action when administered topically. Thus, super refined vegetable oils, such as 
peanut and com oil, are preferred as the external phase. These oils are crystal clear and 
are more resistant to heat degradation than conventional oils. The microemulsions will 
contain the external phase in an amount of from about 31 to about 70 wt%, preferably 
from about 40 to about 60 wt%. 

The microemulsions will contain an emulsifying agent in an amount of from about 
10 to about 60 wt%, preferably from about 10 to about 40 wt%. The preferred 
emulsifier is lecithin; either egg or soy lecithin can be utilized. However, various other 
types of surfactants can also be utilized as the emulsifying agent 

The microemulsion preferably also includes a monoglyceride, such as mono 
myristoyl glycerol, glycerol mono oleate or glycerol mono linoleate, in an amount of from 
about 0.1 to about S wL%, preferably from about 2 to about 5 wt.%. The advantage of 
-adding a limited amount of monoglyceride in the formulation (i.e., up to about 5 wL%) 
is that the formulation undergoes a phase change, which is very viscous, upon dilution 
with an aqueous fluid, such as tears. The increased viscosiQr serves to enhance the 
retention of the composition in the eye, and thereby enhances the bioavailability of the 
drug. When more than 5 wt.% of the monoglyceride is added to the composition, the 
viscosity of the microemulsion increases very quickly and the composition forms a semi- 
solid mass which is not easily droppable from a conventional dropper. 

The preferred method of preparing the microemulsions of the present invention is 
to first dissolve the emulsifying agent in the external phrase, and then add one or more 
compounds of formula (I) to the internal phase. The internal and external phases are then 
combined and gentiy mixed to form a clear microemulsion. 

The use of microemulsions such as those described above for oral administration 
of drugs is described in United States Patent No. 5.110,606 (Geyer, et al.). The Geyer, 
et al. '606 patent may be referred to for furtiier details concerning the composition and 
preparation of such microemulsions. The entire contents of the Geyer, et al., '606 patent 
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relating to the above-described microemulsions are hereby incorporated in the present 
specification by reference. The use of such microemulsions for purposes of topical 
ophthalmic administration of drugs is not disclosed in the Geyer» et al., '606 patent 

The non-aqueous microemulsions which may be utilized in the present invention 
are further illustrated by the following examples. 

Example 1 

1 gm of egg lecithin was dissolved in 8 gms of isopropyl myristate by sonication. 
A 1% w/w solution (1 gm) of cabergoline m propylene glycol, with constant stirring, was 
added to the isopropyl myristate solution to obtain a clear microemulsion. The stability 
of cabergoline in this formulation was found to be improved by a factor of 70, as 
compared to the stability of cabergoline in an aqueous solution buffered at pH 7.0. 

Example 2 

1 gra of egg lecithin was dissolved in 8 gms of isopropyl myristate by sonication. 
500 mg of monomyristoyl glycerol (MMG) was then added and the resulting mixture was 
heated at 50**C for five minutes. The heated mixture was tiien brought to room 
temperature and 1 gm of a 1% w/w solution of cabergoline in propylene glycol was added 
with constant stirring to obtain a clear microemulsion. This formulation undergoes an 
instantaneous phase change and becomes very viscous when diluted with water. The 
change in viscosity seen with addition of various amounts of water was measured using 
a Brookfield viscometer. Model LV and spmdle CP52, at 100 rpra. The results are listed 
in the following table: 
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Amount of 
Fonnulation (od^ 


Amount of Water 
added (an^ 


Viscosity (cps) 






Formulation - 
MMG 


Fommlation -i- MMG^ 


I 


0 


9.9 


9.9 


1 


0.1 


9.4 


14.9 


1 


03 


17.9 


10319 


1 


05 


46.4 


6741*' 


1 


0.7 


58.8 


5912* 



a: measured at 0.6 ipm 
b: phase separation occurred 



Example 3 

Brij 96 and monoolein are both solids. When they are mixed in the ratio of 10:90 
they form a eutectic mixture. This solution fonns a gel when it comes in contact with 
water. Thus, a 0.2% solution of cabergoline in the above mixture will not only stabilize 
the drug, but will also provide a sustained release of the drug upon application to the eye. 

■ i|c 4t :|t 3|c 4t 3le 

The compositions of the present invention may also be provided in lyophilized 
form (i.e., freeze-dried). The lyophilized drug is then reconstituted by means of 
dissolution in an aqueous vehicle just prior to use. Once the drug is placed in solution, 
it will be subject to the same degradation problems mentioned above. The composition 
can therefore only be utilized for a relatively short time following reconstitution. The 
length of time during which the composition can still be utilized will depend on the 
relative stability of the compound selected and the pH of the composition. However, such 
compositions will generally only remain viable for one to two weeks. This Qrpe of 
reconstituted compsition is further illustrated in the following example, which shows the 
formulation of a composition formed by combining a first part containing the cabergoline 
and at least a portion of the mannitol, in lyophilized form, and a second part containing 
the remaining ingredients in the form of an aqueous solution: 
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Example 4 



10 



Ingnsdient 
Cabergoline 

Citric acid, monohydiate 

Mannitol 

Disodium EDTA 

Benzalkonium chloride 

Sodium hydroxide 

and/or 
Hydrochloric acid 

Water 



hmm (wt. %) 
0.25 
0.1 
4.5 
0.01 
0.01 

q.s. to adjust pH to 3.0 
q.s. 100 



15 



The compositions of the present invention may also be formulated as aqueous 
solutions having a physiological pH, provided that the composition will be used within a 
short time (i.e., preferably 24 hours or less) following preparation. Thereafter, the 
therapeutic benefits of the compositions may be lost or at least diminished due to 
degradation of the compounds of formula (I) contained therein. This type of 
extemporaneous composition is further illustrated in the following example: 



Example 5 



20 



25 



lng)i?pdiignt 

Cabergoline 

Benzalkonium chloride 

Edetate sodium 

Sodium chloride 

Hydrochloric acid 
and/or 

Sodium hydroxide 

Purified water 



Amount (wL %^ 
0.25 
0.01 
0.05 

(to render isosmotic) 
(to adjust pH) 

q.s. to 100% of volume 
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In addition to one or more compounds of formula (I), the ophthalmic compositions 
of the present invention may also include various other ingredients, such as buffers, 
preservatives, co-solvents and viscosity building agents. 

An appropriate buffer system (e.g., sodium phosphate or sodium acetate or sodium 
borate) may be added to prevent pH drift under storage conditions. 

Ophthalmic products are typically packaged in multidose form. Preservatives are 
thus required to prevent microbial contamination during use. Suitable preservatives 
include: benzalkonium chloride, thimerosal, chlorobutanol, methyl paraben, propyl 
paraben, phenylethyl alcohol, edetate disodium, sorbic acid, Onamer M, or other agents 
known to those skilled in the art. Such preservatives are typically employed at a level of 
from 0.001% to 1.0% by weight 

Some of the compounds of formula (I) may have limited solubility in water and 
therefore may require a surfactant or other appropriate co-solvent in the composition. 
Such co-solvents include: Polysorbate 20, 60 and 80; Pluronic F-68, F-84 and P-103; 
cyclodextrin; or other agents known to those skilled in the art Such co-solvents are 
typically employed at a level of from 0.01% to 2% by weight 

Viscosity greater than that of simple aqueous solutions may be desirable to increase 
ocular absorption of the active compound, to decrease variability in dispensing the 
formulations, to decrease physical separation of components of a suspension or emulsion 
of formulation and/or otiierwise to improve the ophthahnic formulation. Such viscosity 
building agents include, for example, polyvinyl alcohol, polyvinyl pyrrolidone, methyl 
cellulose, hydroxy propyl methylcellulose, hydroxyethyl cellulose, carboxymethyl 
cellulose, hydroxy propyl cellulose or other agents known to those skilled in the art. Such 
agents are typically employed at a level of from 0.01% to 2% by weight 

The establishment of a specific dosage regimen for each individual patient is left 
to the discretion of clinicians. The amount of compound administered will generally be 
in the range of from about 0.3 to about 3.600 micrograms per dose, preferably from about 
3 to about 1,200 micrograms per dose. In general, the compounds of formula (I) will be 
administered by topically applying one to two drops of a solution or comparable amount 
of a microemulsion, suspension, solid, or semi-solid dosage form to the affected eye(s) 
one to four times per day. The concentration of the compounds of formula (I) in such 
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compositions will vary, depending on the type of composition utilized. For example, it 
may be possible to use a relatively lower concentration of the compounds when 
compositions which provide for sustained release of the compounds or compositions which 
include a penetration enhancer are utilized. The concentrations generally will be in the 
range of from about 0.001 to about 12 wt%, preferably from about 0.01 to 4 wt.%. 

The ability of the compounds of formula (I) to control intraocular pressure has 
been demonstrated by means of laboratory experiments using animal models. The 
potential for ocular irritation and central nervous system side effects has also been 
evaluated. 

Intraocular pressure (lOP) was determined in eyes of cynomolgus monkeys which 
had previously been treated with argon laser trabeculoplasty to induce ocular hypertension. 
The action of the test compound on lOP is expressed as percent reduction from baseline 
lOP measured before drug treatment Treatment was by topical ocular administration of 
two 25 microliter aliquots of the formulation described in Example 5; the concentration 
of drug in the formulation was modified as needed to provide the total dose per eye 
indicated in the following table: 



Drug Tested 


Dose 


BaseUne lOP 


Hours After Treatment 


1 


3 


7 


24 


Cabergoline 


5vg 


31.0 ± 1.9 


5.0 ± 1.9 


12.4 ± 3.0 


11.9 ±2.2 


nd 


Control 




32.0 ± 1.6 


5.4 ± 3.4 


5.3 ±3.2 


4.9 ±3.0 


nd 


Cabergoline 


5 Vg 


32.8 ± 3.3 


9.0 ± 2.9 


6.1 ± 2.4 


7.9 ±3.4 


nd 


Cabergoline 


15 Vg 


30.2 ± 2.2 


7.6 ± 1.6 


6.1 ±2.4 


11.1 ±2.8 


8.2 ±4.0 


Cabergoline 


50 yg 


34.7 ± 3.0 


16.0 ± 2.4 


30.6 ± 3.6 


28.8 ± 5.5 


27.3 ± 4.8 


Cabergoline 


500 vg 


36.0 ± 3.3 


18.9 ± 4.5 


29.9 ± 4.9 


30.4 ± 4.5 


nd 


Control 




38.2 ±3.1 


3.3 ±4.0 


1.3 ±4,5 


5.4 ± 3.8 


nd 
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The foregoing data demonstrate that treatment with either 0.1% (SO yg) or 1% (500 yg) 
cabergoline produced a significant reduction of lOP, but lower concentrations had no 
effect on lOP. No side effects were observed in these animals, even though the total dose 
represented IS to 20 times the dose per kilogram body weight which was administered to 
5 humans in published studies relating to potential systemic uses of this compound. 

Cabergoline was also tested for acute ocular irritation in rabbits following topical 
ocular administration of two drops every 30 minutes for a total of ten doses of the 
formulation of Example 6. Ocular irritation results were unremarkable, with only a 
moderate iritis observed with this exaggerated dosing regimen. 



12 
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What is claimed is: 

1. A topical ophthalmic composition useful in the treatment of glaucoma, 
comprising an amount of a compound of the following formula effective to control 
intraocular pressure: 




(D 



wherein: represents a hydrogen atom or a mediyl group; 

R2 represents a hydrogen or halogen atom, a methyl or formyl group or a 
group of the formula S-R7 or SO-R7, wherein R7 represents an aUcyl 
group having from 1 to 4 carbon atoms or a phenyl group; 

R3 represents a hydrogen atom or a methoxy group; 

R4 represents a hydrocarbon group having from 1 to 4 carbon atoms, 
bmzyl or phenethyl; and 

X is OH or NRjCONHRe, wherein each of R5 and R^ independently 
represents an alkyl group having from 1 to 4 carbon atoms, a 
cyclohexyl group or a substituted or unsubstituted phenyl group or 
an acid and water-soluble group such as (CH2)„N(CH3)2 in which 
n is an integer, with the proviso that R5 and R^ caimot both be a 
said acid and water soluble group; and a pharmaceutically 
acceptable vehicle therefor. 

2. A composition according to Claim 1, wherein X is NRsCONHR^. 
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3. A composition according to Claim 2, wherein the compound comprises 
cabergoline. 

4. A composition according to Claim 1, wh^in the pharmaceotically acceptable 
vehicle comprises a non-aqueous microemulsion. 

5. A composition according to Claim 4, wherein the microemulsion comprises an 
internal phase, an external phase, and an emulsifying agent, said internal phase comprising 
a non-aqueous, oxygen-containing, pharmaceutically acceptable polar solvent, and said 
external phase comprising a lower alkyl ester of a 0.22 ^^^^ ^cid> ^ medium chain 
triglyceride or a super-refined vegetable oil. 

6. A composition according to Claim 5, wherein the microemulsion further 
comprises a monoglyceride in an amount sufficient to enhance the viscosity of the 
microemulsion when it is topically applied to an eye. 

7. A composition according to Qaim 6, wherein the monoglyceride comprises 
mono myristoyl glycerol. 

8. A composition according to Claim 6, wherein the polar solvent is selected from 
propylene glycol, glycerol, ethylene glycol and polyethylene glycol, and the external phase 
comprises a super-refined vegetable oil selected from peanut oil and com oil. 

9. A composition according to Claim 1, wherein the composition comprises a first 
part and a second part, the first part comprising said compound in the form of a 
lyophilized powder, and the second pan comprising said pharmaceutically acceptable 
vehicle in the form of an aqueous, buffered solution. 
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10. A method of controlling elevations of intraocular pressure which comprises 
applying to the eye a therapeutically effective amount of a topical ophthalmic composition 
comprising an amount of a compound of the following formula effective to control 
intraocular pressure: 




N-R4 

(D 



wherein: Rj represents a hydrogen atom or a methyl group; 

R2 represents a hydrogen or halogen atom, a methyl or formyl group or a 
group of the formula S-R^ or SO-R7, wherein R7 represents an alkyl 
group having from 1 to 4 carbon atoms or a phenyl group; 

R, represents a hydrogen atom or a methoxy group; 

R4 represents a hydrocarbon group having from 1 to 4 carbon atoms, 
benzyl or phenethyl; and 

X is OH or NRjCONHR^, wherein each of Rs and R« independently 
represents an alkyl group having from 1 to 4 carbon atpms» a 
cyclohexyl group or a substituted or unsubstituted phenyl group or 
an acid and water-soluble group such as (CH2)bN(CH3)2 in which 
n is an integer, with the proviso that R5 and R^ cannot both be a 
said acid and water soluble group; and a pharmaceutically 
acceptable vehicle therefor. 



11. A method according to Claim 10, wherein X is NR5CONHR5. 
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12. A method according to Claim 11. wherein the compound comprises 
cabergoline. 

13. A method according to Claim 10, wherein the pharmaceutically acceptable 
vehicle comprises a non-aqueous microemulsion. 

14. A method according to Claim 13, wherein the microemulsion comprises an 
internal phase, an external phase, and an emulsifying agent, said internal phase comprising 
a non-aqueous, oxygen-containing, pharmaceutically acceptable polar solvent, and said 
external phase comprising a lower alkyl ester of a Cg.22 fatty acid, a medium chain 
triglyceride or a super-refined vegetable oil. 

15. A method according to Claim 14, wherein the microemulsion further 
comprises a monoglyceride in an amount sufficient to enhance the viscosity of the 
microemulsion when.it is topically applied to the eye. 

16. A method according to Claim 15, wherein the monoglyceride comprises mono 
myristoyl glycerol. 

17. A method according to Qaim 14, wherein the polar solvent is selected from 
propylene glycol, glycerol, ethylene glycol and polyethylene glycol, and the external phase 
comprises a super-refined vegetable oil selected from peanut oil and com oil. 

18. A method according to Claim 10, wherein the composition comprises a first 
part and a second part, the first part comprising said compound in the form of a 
lyophilized powder, and the second part comprising said pharmaceutically acceptable 
vehicle in the form of an aqueous, buffered solution. 
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